The arrangement of flagella has an important place in modern systems of bacterial classification. A species is usually considered to have either polar or peritrichate flagella but not both, and this feature is one of the main distinctions between, for instance, the pseudomonads and the enterobacteria. It was noticed that one strain of Chromobacterium appeared to possess two types of flagellum-a polar flagellum and a lateral flagellum of shorter wavelength. This was misinterpreted (Sneath, Whelan, Singh & Edwards, 1953) until the same appearance was found in the majority of strains of Chromobacterium (sensu stricto-i.e. the ' Bacterium violaceum ' group). Published descriptions of flagellation in the genus vary considerably, and it is clear that this appearance has been observed before, but without attracting comment. Thus CruessCallaghan & Gorman (1933) published photographs similar to P1.1, fig. 2 , but attributed the variation to species differences; this has not been confirmed (Sneath, 1956 showed drawings of predominantly peritrichate and predominantly polar strains, and commented that some strains showed both forms. Bampton (1913) somewhat ambiguously reported ' Geisseln 3-4 peritrich, 1-2 polar '. Most other authors report a single polar flagellum. Leifson & Hugh (1953) described certain strains of Aeromonas and Vibrio spp. which may show either peritrichate or polar flagella. In Aeromonas sp. the organisms in early phases of growth showed peritrichate flagella, and in old cultures only polar flagella.
METHODS
Strains. The strains are those described previously (Sneath, 1956) , all belonging to the 'Bacterium violaceum' group.
Flagella staining. The organisms were stained by the method of Leifson (1951) . Cultures on solid media were suspended in distilled water, care being taken to avoid the picking up of fragments of medium. Liquid cultures were washed three times by centrifugation with distilled water before staining.
Media. Nutrient broth was that of Hartley (1922) , and nutrient agar was made by adding to it 1.5% (w/v) Japanese agar. Blood agar was nutrient were mixed in Dreyer's tubes and incubated at 56". The titre given is the reciprocal of the final dilution of antiserum in the last tube with agglutination just visible to the naked eye.
RESULTS
Two types of organism were found: those with only a single polar flagellum (P1.1, fig. I ), and those with lateral flagella in addition to a single palar flagellum (PI. 1, fig. 2 ). For brevity the former are referred to as polar organisms and the latter as peritrichate organisms. It was uncommon to see organisms with lateral flagella which lacked a polar flagellurn, or to see organisms with two polar flagella (unless they were dividing, and they were then always at opposite poles). All strains were examined after 18 hr. growth on nutrient agar plates, and thirty out of thirty-eight strains showed both polar and lateral flagella (Sneath, 1956) . Some strains were studied extensively, and these can be roughly divided into two groups: (1) those showing only polar flagellation (Pl. 1, fig. 1 ) under all conditions examined (strains FH, MW, AM and MH), and (2) those showing during early growth on agar many lateral flagella, usually 4-6, of great length and of very short wavelength (Pl. 1, fig. 2 ), in addition to the polar flagellum (strains LG, LW, BN, BH, RT, DK, SH, NT, RV and MK). With all these strains the number of lateral flagella decreased as the plate cultures became aged, and usually only polar flagellated organisms were found after 2 days of incubation. The two classes were not sharply defined, and some strains, e.g. BH, appeared intermediate (with only a few lateral flagella). The classes did not appear to be related to other characteristics of the strains, such as pathogenicity or biochemical reactions. All attempts Flagella of Chromobacterium spp.
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to obtain stable variants in one or other phase have proved unsuccessful, but the existence of strains possessing only polar flagella suggests that these may be variants which have lost the ability to produce lateral flagella.
Differences between polar and lateral Jlagella
The differences between the two types of flagellum, as seen in stained preparations, is generally quite clear. Although there is some variation from strain to strain, most strains possess a short polar flagellum, 2-4p. long, with a wavelength c. 2p. and amplitude c. 0.35p. and lateral flagella &lop. long, with wavelength c. 1.25,~. and amplitude c. 0.4,~. The lateral flagella stain easily, but except in some strains such as AM and MH, the polar flagellum stains more faintly. These two strains also have polar flagella which are longer than usual (4-6p.) though the wavelength is about the same.
The polar flagellum has only been observed arising from the extreme tip of the cell. The lateral ones may show subpolar or lateral attachment.
Flagellar staining is much beset by artifact formation, and therefore some electron micrographs were made for comparison. The same morphological features are seen as in stained preparations (Pl. 1, figs. 3-6). As with stained preparations, previous fixation in 0.4 yo formaldehyde before drying and staining did not alter the shape of the flagella. In lysed organisms a number of basal granules were visible, from which both forms of flagella appeared to originate; these granules are also visible in P1. 1, fig. 6 , which is a cast of the bacterial surface. Houwink & van Iterson (1950) found in a bacillus isolated by Gray & Smith (1950) that the polar flagella were thicker than the lateral ones. No difference in thickness was seen in Chromobacterium spp.
It appears unlikely that the flagellar changes are due to multicellularity of the rods during early growth (each cell having one flagellum), since nuclear stains by the acid hydrolysis Giemsa method (Murray, Gillen & Heagy, 1950) and cell-wall stains by the method of Webb (1954) did not show more numerous nuclei or cross-walls in the peritrichate organisms. Both polar and peritrichate organisms usually showed two or four nuclei, and usually no cross-walls.
Antigenic difference It had been noted that some rabbit antisera gave only partial agglutination of some strains over a wide range of serum dilutions, as if the suspension contained two antigenic types. This suggested that the antigens of the polar and lateral flagella were different, so that 'polar' suspensions would possess only the polar H antigen, while ' peritrichate ' suspensions would possess both H antigens. Antisera were therefore made by injecting polar and peritrichate suspensions of strain DK, and a mirror absorption test was performed. The results are shown in Table 1 ; it will be seen that absorption with polar flagellate organisms leaves an antibody fraction (' anti-lateral ' antibody) which agglutinates only the peritrichate organisms, and this suggests that the peritrichate organisms contain an extra antigen. It is also clear that the polar suspension 102 P . H . A. Swath used for immunization contained some of this additional antigen, which has produced a low titre of antibody.
It seemed possible that the antigens of the polar and peritrichous flagella might be the same, and that the results in Table 1 might be due solely to the smaller amount of flagellar substance on polar-flagellated organisms (which could be as little as 1/20 of that on peritrichate organisms). This is rendered very unlikely by the following experiment. The antiserum against peritrichate Chromobacterium sp. strain DK Samples (2 ml.) of a dilution of antiserum were mixed with 50 yo (v/v) packed organism suspensions. Saline was added to make 4 ml., and the tubes centrifuged after 1 hr. a t 35". The absorbed sera were titrated against peritrichate organisms (the serum was too dilute to agglutinate polar organisms) and incubated for 4 hr. a t 56". (1935) that long incubation at high temperatures was needed to produce H agglutination of the monotrichate cholera vibrio, evidently because monotrichate organisms form large agglutinates with difficulty. A sample of antiserum against polar-flagellated organisms of strain DK was absorbed with an equal volume of a 50% suspension of polar organisms which had been deflagellated in a Waring Blendor, and the absorbed serum was titrated against deflagellated polar and peritrichate suspensions (incubated 18 hr. 56'). The results (Table 3) show that an antibody fraction remains which agglutinates polar suspensions but not deflagellated suspensions. This fraction was removed when the absorbed serum was absorbed with polar organisms. Similar results were obtained when living suspensions were used for absorption and agglutination. The agglutination was a fine, flaky type not unlike 0 agglutination, and did not appear after incubation for 4 hr. at 56' followed by standing at 20' overnight. The antigen of the polar flagella is thus evidently distinct from that of the lateral flagella, since the lateral H antibody does not agglutinate polar organisms (a sample absorbed twice with polar organisms had, at 56' for 18 hr., a titre of 2048 with peritrichate organisms, but a titre of only 2 with polar and with deflagellated organisms), nor do polar organisms absorb this antibody. The polar H antiserum contained lateral H antibody (see Tables 1 and 3) ; it was not possible to remove this by further absorption, since peritrichate organisms also have polar flagella, and both antibodies were removed by them, No variants lacking the polar flagellum have so far been found and therefore pure polar H antisera cannot yet be prepared by absorption with peritrichate organisms. As seen in Table 1 , polar suspensions contain enough lateral flagella, a good antigen in rabbits, to induce formation of lateral H antibody.
Amount of absorbing

Effect of cultural conditions upon the type of jagellation
The strains DK and LG were studied intensively in an attempt to discover the cause of the flagellar changes. This has not been found, but it was observed that lateral flagella were abundant (3-6/organism) in young nutrient agar plate
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cultures, and were most abundant (5-10/organism) in blood agar cultures. Lateral flagella were rare or absent on organisms grown in liquid media. Changes in the following fqctors did not alter the form of flagellation to any great extent in liquid media : anaerobiosis, aeration, growth temperature, age of culture, growth-pH value, concentration of glucose, amino acids (casein hydrolysate), ammonium, sodium, cyanide, potassium, chloride, phosphate, sulphate, magnesium or calcium ions. Addition of granules of agar to broth or to glucose ammonia medium caused the appearance of a few lateral flagella only. Addition of fresh broth to 18 hr. broth cultures did not cause the appearance of lateral flagella. Charcoal had no effect. Growth in liquid exuded from nutrient agar slopes showed mainly polar forms. Lateral flagella were abundant (3-6/organism) in young cultures on silica-gel nutrient broth plates, and cultures upon cellophan floating on nutrient broth also showed many lateral flagella (2-3/organism). Various trace elements were tested without positive results. Attempts to relate the flagellation to the effective viscosity of the medium (which is presumably high within colonies on solid media) were inconclusive.
DISCUSSION
The appearance of lateral flagella seems to be caused by the environment, and not by the selection of variants, since peritrichate organisms can appear upon a plate in large numbers within 4 hr. The variation confirms the observations of Leifson & Hugh (1953) that some bacteria can possess both polar and lateral flagella-with different antigens in one of their instances. It also raises a question of taxonomic importance, for in Chromobacterium the peculiar flagellation is the rule rather than the exception. It is clear that the form of flagellation, like any other single characteristic, should not be given undue weight in classification. There are instances in which organisms otherwise identical have been placed in separate genera on account of a difference in flagellation (as has happened in Chromobacterium; e.g. Chester (1901) placed Bacillus violaceus Laurentius both in Bacillus and in Pseudomonas because of differing opinions on whether it had peritrichate or polar flagella). Such differences may well be due to unrecognized changes in flagellation caused by the cultural conditions. These observations also indicate the need for standardization of the conditions of growth if the arrangement of flagella is used in classification.
The phenomenon is also of interest in relation to antigenic phase variation in Salmonella. It seems to be assumed that both phases are peritrichate, but I do not know of a study on this point. Three strains of Salmonella (one each of S . typhimurium, S . cholerae-suis and S . paratyphi B) were examined by flagellar staining. In each strain both phases were peritrichate and there wasPLATE 1
Chromobacterium spp. ; the flagellation, etc., of various strains. Fig. 1 . Strain MH, from 24 hr. nutrient agar plate culture. Flagella stain, x 2250. Polar flagellated organisms. Fig. 2 . Strain SH, from 24 hr. nutrient agar plate culture. Flagella stain, x 2250. Peritrichate organisms with both polar and lateral flagella. Fig. 3 . Strain DK, from 24 hr. nutrient broth culture. Electron micrograph, fixed with OsO, vapour, platinum shadowed, x 7700. Polar flagellated organisms, and one flagellum of the lateral type. Fig. 4 . Strain DK, from 8 hr. nutrient agar plate culture. Electron micrograph, fixed with formalin, carbon shadowed, x 8300. An organism with one polar and two lateral flagella of subpolar origin. Fig. 5 . Strain DK, from 18 hr. blood agar plate culture. Electron micrograph, fixed with OsO, vapour, carbon shadowed, x 16,760. Polar and lateral flagella. Fig. 6 . Strain DK from 8 hr. blood agar plate culture, fixed with formaldehyde. Electron micrograph of silicon monoxide replica, platinum shadowed, x 12,000. The basal granules of the flagella are faintly shown.
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